Objectives: The haphazard distribution of fibrous tissue can interfere with quantitative methods for evaluating hepatic fibrosis. Inter-sample variation may represent a crucial issue when hydroxyproline measurement is used to quantify fibrosis. A comparative study of the hydroxyproline levels in normal and fibrotic rats is herein reported.
Introduction
Fibrosis has been recognized as a key prognostic index for chronic hepatic disease progression [1, 2] . Qualitative histological methods for evaluating fibrosis are to be regarded with caution since they are subjective [1] and may be misleading during the follow-up of patients [3] . Semi-quantitative methods improve the quality of histological evaluation, but even then the size of the biopsy material may be a limiting factor [2] . The methods also present reasonable intra-and inter-sample variation [2, 3] .
Quantitative methods are essential for evaluating fibrosis when more exact data are required, such as when one needs to ascertain the efficacy of treatment with new drugs or obtain sound prognostic data [1, 4] . The haphazard distribution of fibrous tissue within the liver -in septa, bands and expanded portal spaces -can interfere with measurements regardless the method employed, be it qualitative, quantitative or semiquantitative [1, 3] .
Hydroxyproline, an amino acid found almost exclusively in collagen, can be determined biochemically [5] . Measuring its concentration in the liver tissue is regarded as a good method to quantify fibrosis, especially during therapeutic trials with new potentially anti-fibrotic drugs [6] [7] [8] [9] 14, 15, 17] . In some investigations no reference is made as to the exact site from which samples were taken [10, 11] . In others the fragments were occasionally taken from the same one site [12, 13] . Considering a possible variation in fibrosis concentration between two samples from the same liver, one wonders how significant this could be. Since a thorough literature review did not reveal any information on this matter, and since it could have a bearing on current quantitative evaluation of hepatic fibrosis, a comparative study of the values of hydroxyproline measurements between two samples taken from the livers of normal and fibrotic (Capillaria hepatica-infected) rats was carried out and is herein reported.
Materials and methods

Animals
Thirty-two adult Wistar rats of both sexes, weighing initially approximately 150 g were used. They were maintained in wide metal boxes, in good light and temperature conditions, with free access to water and to a balanced pellet diet of commercially produced food for rats.
All procedures concerning animal experimentation were reviewed and approved by The Animal Care and Use Committee of our institution.
The animals were divided into two groups: (a) twelve normal intact rats; (b) twenty C. hepatica-infected rats. Infection was carried out with approximately 600 mature eggs of C. hepatica administered by gavage. Details on isolation, embryonation and counting of eggs appear elsewhere [16] .
Thirty days following inoculation, animals of both groups were anesthetized and their livers removed. Animals were then sacrificed by severing their abdominal aorta. Two fragments of 150-200 mg were taken from separate areas of the livers and immediately kept in a 10% solution of formalin in distilled water until analysis.
Hydroxyproline determination
The hydroxyproline content in the two separate fragments (A and B) taken from each rat was measured using Stagemann's colorimetric method, as modified by Bergman and Loxley [18] . Briefly, the liver samples were hydrolyzed for 18 h in 5 mL 6 N HCl at 110°C, and then filtered. One drop of 1% phenolphthalein in absolute alcohol was added to 2 ml of the filtrate as an indicator and neutralization was obtained with 10 N NaOH and 3 N HCl. After neutralization subsequent steps were made in duplicate for each sample. To a 200 μL of the above solution, 400 μL of isopropanol in citrateacetate-buffered Chloramine T were added. After 4 min, 2.5 mL of Ehrlich reagent was added. Tubes were wrapped in aluminum foil and incubated for 25 min in a water-bath at 60°C.
Readings of the samples were made twice for each sample on the range of 558 nm absorbance band in a Hitachi spectrophotometer, mod. U-2000. Results were analyzed by computer and expressed as μmol hydroxyproline/g of hepatic tissue. The average from the two readings was used for the following analysis.
Statistical analysis
The mean, standard deviation and median from hydroxyproline measurements were considered. Calculated differences between hydroxyproline concentration in fragments A and B taken from each rat, both in normal and infected groups, were evaluated using a special method known as BOOTSTRAP. Differences between samples A and B from the same rat were considered as statistically significant when p < 0.05.
Results
Comparative data from the samples taken from the same liver, both from normal and infected rats are depicted in Table 1 , including the results of the hydroxyproline (HP) measurements. The weight of fragments A and B did not differ in either group of rats. Concentration of hydroxyproline was found to be higher in the infected animals when compared to that of the normal intact rats. Only one normal rat exhibited a hydroxyproline level of above 3.75 μmol/g, and only one infected rat, presented a level of less than 3.5 μmol of HP/g.
Hydroxyproline analysis in normal rats
The inter-sample values in normal rats are represented in Fig.  1 . As can be seen the variation in hydroxyproline concentration between the fragments A and B was less than 0.50 μmol/g in ten rats. In only one healthy rat was the difference between the fragments A and B higher than 1.0 μmol/g, reaching 1.85 μmol of hydroxyproline/g of hepatic tissue.
Hydroxyproline analysis in rats with liver fibrosis
The hydroxyproline variation among fibrotic infected livers is shown in Fig. 2 . Differences in concentrations of hydroxyproline between the fragments A and B varied from 0.04 to 2.86 μmol of HP/g, the median reaching 0.71 μmol/g. In five rats the difference was greater than 1.20 μmol/g. Table 1 General data of the hydroxyproline measurements 
Bootstrap analysis
Results from differences between HP measurements obtained by means of the BOOTSTRAP method are shown in Table 2 . The p values are shown for differences in HP concentration between 0.15 μmol/g and 0.90 μmol/g in healthy rats. Thus, when the values of hydroxyproline levels were higher than 0.69 μmol/g between the samples A and B, they were considered significant (p < 0.05).
As for the infected rats with hepatic fibrosis the p values are demonstrated for differences from 0.55 μmol/g to 1.60 μmol/g. Differences between fragments A and B from a same rat were considered significant when higher than 1.22 μmol/g (p < 0.05).
Discussion
The present study appears to be unique in its specific aim to investigate the reproducibility of hydroxyproline determinations when assessing hepatic fibrosis. There are many studies on hepatic fibrogenesis and fibrolysis and for some of them intersample variations of hydroxyproline measurements may represent a crucial issue even when other similar quantitative methods are being used.
As expected, the present study revealed that hydroxyproline levels obtained were sufficient to discriminate a normal rat liver from one with hepatic fibrosis. Values above 4.0 μmol/g were a clear-cut indication of hepatic fibrosis.
Also, the present investigation revealed that measurements of hydroxyproline in samples from different areas of a normal liver tended to keep a fair degree of reproducibility. However, in one instance a difference of over 1.80 μmol of HP/g was registered. Probably this could be explained because one of the samples contained more portal spaces or larger ones, since the precaution was taken not to include areas near the capsule or in the proximities of the hilus.
The situation may be more complex with a diseased liver, especially if fibrosis, albeit diffuse, has areas of focal intensification. For the demonstration of this point we selected the case of C. hepatica-induced septal fibrosis of the liver in rats. This fibrosis regularly occurs in infected rats 25-28 days after inoculation [16] . Morphologically, it is similar to that seen in rats repeatedly treated with pig-serum [19] . However, in the rat capillariasis, besides diffuse septal fibrosis, there are scattered and focal parasitic inflammatory and fibrosis lesions around dead worms and their eggs, which are usually surrounded by a more or less thick fibrous capsule [16] . Obviously, such focal spots contain more fibrosis than elsewhere in the liver. The model seemed to be adequate to test the existence of variations between hydroxyproline concentrations in different samples of the same liver. Therefore variations between different samples were more frequent and significant in C. hepatica-infected livers than in normal livers. Differences among the fragments from a same liver greater than 1.22 μmol of HP/g were considered significant for infected livers. It is reasonable to speculate that these findings become particularly relevant when a correlation is made with a semiquantitative method that grades fibrosis as I (mild), II (moderate) and III (severe). Probably, in the present study, some samples taken from the same liver would be classified under different categories. More homogeneous results can be expected if more than one fragment, taken from different areas, is used.
In summary, it is important to be aware that the levels of hydroxyproline found using the colorimetric method may vary significantly between samples from a single diseased liver and therefore have limited value in quantifying the extent of fibrosis. In addition, our results suggest that further studies are 
